Abstract: The viscosities of binary liquid mixtures of toluene with butan-1-ol and 2-methylpropan-2-ol have been determined at 298.15, 303.15, 308.15, 313.15 and 318.15 K over the whole concentration range. The Hind, Grunberg-Nissan, Wijk, Auslander and McAllister models were used to calculate the viscosity coefficients and these were compared with the experimental data for the mixtures. Excess viscosities were also calculated and fitted to the Redlich-Kister equation. Various thermodynamic properties of viscous flow activation were determined and their variations with composition are discussed.
INTRODUCTION
Thermodynamic and transport properties of liquid and liquid mixtures have been used to understand the molecular interactions between the components of the mixture and also for engineering applications. As a continuation of previous work, [1] [2] [3] [4] the viscosities and excess viscosities of binary liquid mixtures of toluene with butan-1-ol and 2-methylpropan-2-ol at 298. 15, 303.15, 308.15, 313 .15 and 318.15 K as a function of composition are reported. The values of the excess viscosities have been fitted to the Redlich-Kister polynominal equation 5 to derive the binary coefficients and estimate the standard deviations between the experimental and calculated results. The theoretical viscosites calculated using some existing equations, i.e., those of Hind, 6 Grunberg-Nissan, [7] [8] Wijk, 9 Auslander 10 and McAllister, 11 have been compared with the measured values for the studied binary liquid mixtures. In adition, the activation energies of viscous flow have been calculated for the binaries toluene with butan-1-ol and 2-methylpropan-2-ol in the temperature range 298.15-318.14 K.
EXEPRIMENTAL
High purity chemicals (BDH) were employed. All the substances were dried on molecular sieves (Fluka 4 Å) before use. The purity was controlled by chromatographic, density and refractive index measurements. All the mixtures were prepared by mass using an analytical balance (Balanta-Sibiu, Româ-nia) with a prcision of ± 0.1 mg. The possible error in the mole fraction was estimated to be ± 2´10 -5 . The viscosities of the pure compounds and of the binary mixtures were determined with an Ubbelohde kinematic viscometer, 12 which was kept in the vertical position in a thermostatically controlled water bath (constant to ± 0.05 K). The kinematic viscosity was calculated using the relation:
where t is the flow time (± 0.1s) of a constant volume of liquid through the viscometer capillary; A and B are characteristic constants of the used viscometer, which were determined by taking water and benzene as the calibrating liquids for correction of kinetic energy (Hagen-Poiseuille) deviations. The dynamic viscosity was determined from the equation:
where r is the density of the liquid. The densities were determined by the Kahirousch hydrostatic method. 12 The experimental tecnique has been previously described. 2 The precision of the densities was ± 0.00005 g/cm 3 . The accuracy of the viscosity measurement was estimated to be ± 0.0008 mPa s. In all determinations, triplicate experiments were performed for each composition and temperature, and the arithmetic mean was taken for the calculations of the viscosity. The flow times were reproducable to within 1 %. The refractive indices (sodium D line), n D 25 , of the pure substances were measured at 298.15 K, using a thermostated Abbe refractometer. The measured viscosities, densities and refractive indices of the pure component liquids are compared with their corresponding literature values. [13] [14] [15] [16] [17] [18] in Table I . 
where h 1 and h 2 are the viscosities of the pure components. 
where A i are empirical constants. The values of the coefficients A i are listed in Table IV, together with the standard deviations s: 19 The continuous curve was calculated from the Redlich-Kister equation. where m is the number of data points and n is the number of estimated parameters. Figs. 1 and 2 illustrate comparisons between the present h E values with those calculated using the Redlich-Kister polynomial equation and literature values. Thee is reasonably good agreement for the two systems and the shapes of the curves also remain identical.
In at attempt to describe the viscosity of binary mixtures, the approachs proposed by Hind: 6
Wijk: 9
and Auslander: 10 In the above equations were used the dynamic viscosity of the liquid mixture designated by h, and h 1 , h 2 are the dynamic viscosities, and x 1 , x 2 , are the mole fractions of the pure components 1 and 2 constituting the liquid mixture; h 12 
were also tested, where M 1 and M 2 are the molecular weights of the pure components 1 and 2. The adjustable parameters of the McAllister models are given by h 12 , h 21 , h 1112 , h 1122 and h 2221 . The parameters which appear in equations 6 -11 were estimated using the experimental viscosity data and non-linear regression analysis employing the Levenberg-Marquardt algorithm. Table V shows the calculated parameters and the standard deviations between the experimental values and those obtained using the semi-empirical The data presented in Table V (8) and (10), respectively.
Fig. 4. Comparison of the Wijk and McAllister
four body model at 298.15 K for the system toluene + 2-methylpropan-2-ol. The continuous curves were calculated from Eqs. (8) and (11), respectively. The energies of activation of viscous flow for the studied binaries were calculated using the following equations: 20
where DG # , DH # and DS # are the free energy, enthalpy and entropy of activation of viscous flow. The plots of ln h vs. 1/T for each of the binaries studied were found to be lin-ear in the temperature range 298.15 -318.15 K, and the values of DH # and DS # were obtained from the corresponding slopes and the intercepts. Knowing the values of DH # and DS # , the corresponding values of DG # were calculated using Eq. (13) . The values of activation energies at 303.15 K are listed in Table VI 
CONCLUSIONS
The viscosities for binary mixtures of toluene with butan-1-ol or 2-methylpropan-2-ol are presented as a function of mixture composition in the temperature range 298.15 -318.15 K. These results were used to calculate the excess viscosities, which were fitted to the Redlich-Kister polynomial in order to estimate the adjustable parameters and standard deviations between the observed and fitted quantities. The experimental viscosity data were correlated to the Hind, Grunberg-Nissan, Wijk and Auslander models, as well as to the McAllister three-body and four-body models. The energies of activation of viscous flow for these binaries mixtures were also calculated. Viskoznosti binarnih te~nih sme{a toluena sa butan-1-olom i 2-metilpropan-2-olom odre|ivane su na temperaturama 298,15, 303,15, 308,15, 313,15 i 318,15 K u punom opsegu sastava. Modeli po Hind-u, Grunberg-Nissan-u, Wijk-u, Auslender-u i McAllister-u kori{}e-ni su za izra~unavawe vrednosti koeficijenta viskoznosti i one su upore|ene sa eksperimentalnim podacima za sme{e. Izra~unata su pove}awa vrednosti viskoznosti i one su fitovane po Redlich-Kister-ovoj jedna~ini. Odre|ena su razli~ita termodinami~ka svojstva aktivacije viskoznog toka i razmatrane wihove promene sa sastavom sme{a. 
